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© A method of forming thin defect-free mon ©crystal line strips of semiconductor materials on 
Insulators. 



© Method of forming monocrystalline strips of a 
semiconductor material on an Insulator, in which 
parallel strips (9) of a poiycrystalllne or amorphous 
semiconductor material are formed on an insulating 
substrate (3. 5), the mutual distances between the 
strips being at least 1/4 urn. The strips <9) then are 
heated by means of a zone heating source (21 -27) fn 
a manner so as to form a solid-liquid interlace for- 
ming an angle of at least 8° (preferably about 46°) 
*^with the strips (9), while scanning the layered struc- 
^ture (3, 5 t 9) relative to the heating source (21-27) in 
I** a direction parallel to the strips (9). Thus mon- 
^JocrystaBlne silicon layers of distances between low 
angle grain boundaries larger than 300 um can be 
<P produced. 

CO 



2p 23) ^^25 




FIG.4 



LU 



Xerox Copy Centre 



1 



EP 0 346 9B7 A1 



2 



A method of forming thin detect-free monocrystalline strips of semiconductor materials on Insulators. 



The invention In this application relates to a 
method of forming thin, defect-free monocrystaftine 
strips of semiconductor materials on insulators. The 
Invention in this case is particularly concerned with 
a formation of thin monocrystatline strips of silicon 
on Insulators, the so-called SOI structure. 

It is known to produce a monocrystalline layer 
of silicon on an Insulating structure by first deposit- 
ing a thin layer of poly crystal fine or amorphous 
silicon on an Insulating substrate, for example, ox- 
idized silicon or quartz and forming a small molten 
layer in the amorphous or polycrystaliine silicon 
layer by localized heating of this layer, scanning 
the resultant molten zone across the silicon layer 
while the underlying substrate is heated. Crystalli- 
zation of the molten layer of silicon causes the 
silicon layer to be converted to a monocrystalline 
layer. 

Such a procedure is well known in the art as Is 
shown for example In European patent application 
0129281. Anthony, U.S. Patent 4,585,403, Cline, 
U.S. Patent 4,590,130, J. Sakuari. J. Electrochem 
Soc Sotid-State Science and Technology, pp. 
1485-1488 (July 1986), C.L. Bleil et aJ, Mat Res. 
Soc. Symp. Proc. of Vol. 35, pp. 389. 692 and 
Japanese Kokai 6119116. The methods described 
in this prior art all result in defects being formed In 
the resultant crystalline layer. These defects are 
found primarily to be due to the presence of subg- 
rain or low angle grain boundaries and are seemed 
• to be caused by stress on the growing crystal. 
Causes of this stress is considered to be from such 
sources as chemical Impurities, surface roughness 
and volume expansion due to freezing and thermal 
gradients and different thermal expansion coeffi- 
cients between substrate and SI Film. 

Prior to the instant invention, the applicants 
thought that the use of low melting temperature 
glasses such as phosphosillcate glass, 
borophosphosilicate glass or Coming 7059 as inter* 
mediate layers underlying the recrystalllzable sili- 
con layer, as shown in the Japanese Kokai. C.L. 
Bleil et at and J. Sakuari, would provide a mecha- 
nism for stress relief so that the formation of low 
angle grain boundaries will be eliminated or signifi- 
cantly reduced. However, white there Is some re- 
duction of these low angle grain boundaries, the 
use of these substrates has not resulted in fully 
eliminating the formation of these boundaries. 

In their copending application, Application 
Serial No. 084657, filed August 9, 1987, the ap- 
plicants have presented a method of forming thin 
defect-free monocrystalline layers of semiconduc- 
tor materials on insulators of significantly larger 
areas than formed in the aforementioned prior art 



According to the method described in this applica- 
tion, a thin defect-free monocrystalline layer of a 
semiconductor layer, particularly of silicon is 
formed on an insulator by the following combina- 

5 tion of steps: a thin polycrystaliine or amorphous 
layer of a semiconductor material Is deposited on a 
low softening point temperature insulating substrate 
having a softening point of at least 10°C below the 
melting point of a semiconductor material with a 

w slope of a viscosity versus temperature curve of 
less than 0 and greater than negative Infinity. The 
layer of semiconductor material Is then heated by a 
zone heating source In such a manner as to pro- 
vide a convex solid-liquid Interface on the layer of 

75 the semiconductor material white the layered struc- 
ture is scanned (moved) relative to the zone heat- 
ing source while the substrate is heated at its 
annealing point and the scanning speed of the 
structure relative to the zone heating source is 

so controlled in such a manner as to cause the convex 
solid-liquid interface to move along the layer of the 
semiconductor material white the surface of the 
substrate opposing the layer of the semiconductor 
material Is liquified under the solid-liquid interface. 

25 By this method the distance between the low angle 
grain boundaries in the resulting recrystaitlzed lay- 
er is significantly increased. As a result defect-free 
monocrystalline silicon layers of around three hun- 
dred microns in width and several millimeters in 

30 length have been produced. 

However, this method suffers from the defi- 
ciency of being complex and relatively expensive 
as it requires the use of two carefully tocussed 
lamps and is relatively difficult to control. 

36 

SUMMARY OF THE INVENTION. 



40 An object of the instant invention is to provide 

a method for forming thin, defect-free monocrystal- 
line layers of semiconductor materials on insulators 
of at least as large an area as shown produced by 
the method of the aforementioned application while 

45 employing a less expensive and less complicated 
method. 

Other objects of the invention are apparent 
from the description that follows. 

According to the invention, the applicants have 
so developed a novel and simpler method of forming 
thin defect-free monocrystaiDne strips of a semi- 
conductor material on an Insulator. 

The novel method of the invention Involves the 
combination of (a) forming a layered structure by 
depositing a thin polycrystaliine or amorphous lay- 
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er of a semiconductor material on a »ow-softenlng 
point temperature insulating substrate, which In- 
sulating substrate has a softening point of at least 
10°C below the softening point of the semiconduc- 
tor material with a viscosity versus temperature 
curve with a slope of less than zero and greater 
than negative infinity; (b) removing essentially rec- 
tangular, parallel positioned longitudinal strips of 
widths of at least 1/4 um of said layer of semicon- 
ductor material so as to form essentially parallel 
rectangular strips ot the semiconductor material on 
the low softening point temperature insulating sub- 
strate; c) heating the strips of semiconductor ma- 
terial by means of a zone heating source In a 
manner so as to form a solid-liquid interface in the 
plane of said strips a fine forming an angle of at 
least 8° with the axis of the strips while heating the 
substrate at Its anneaDng point as the layered 
structure Is scanned (moved) relative to the zone 
heating source; and d) controlling the scanning 
speed of the layered structure relative to the zone 
heating source In order to cause the solid-liquid 
Interface to move along the strips of the semicon- 
ductor material In such a manner that the surface 
of the substrate opposing the solid-liquid interface 
is liquified. 

The instant method has the advantages of sig- 
nificantly increasing the distance between low an- 
gle grain boundaries In a resulting crystallized layer 
to an even larger extent than achieved by the 
method of applicant's copending application while 
significantly decreasing the cost and complexity of 
the apparatus employed. 

By use of the instant method monocry stall Ine 
silicon layers of distances between low angle grain 
boundaries of around 300 um have frequently been 
produced and even as much as 1/2 mm have been 
produced. 

It should be noted that in Japanese Patent 
applications 61-245517, and 58-39012 and United 
States Patent 4.487,683 there is shown recrystal- 
Hzation of thin potycrystalline silicon layers by 
monocrystalline layers by scanning with beams in- 
clined at acute angles to the polycrystalilne layers. 
However, unlike the present method where seeding 
is produced by the leading edge of the solid-liquid 
interface, in these references seeding is provided 
by a layer of monocrystalline silicon with which the 
poly crystalline silicon layer is at least partially in 
contact 

As in the copening application, It should be 
noted that the term "softening point" of a material 
having a softening range is by convention defined 
as the temperature at which Ms viscosity Is 1 x 10 7 
poises. 



BRIEF DESCRIPTION OF THE DRAWING. 



In the drawing. 

Fig. 1 is a cross-sectional view of a layered 
5 structure employed in one stage of the method of 
the Invention; 

Fig. 2 is a diagrammatic view of the layered 
structure of Fig. 1 after the formation of the strips; 
Fig, 3 is a diagrammatic view of the forma- 
jo tlon of the molten zones during the method of the 
invention; 

Fig. 4 Is a diagrammatic view of a zone 
heating source suitable for use In the method of 
the invention. 

75 



DETAILED DESCRIPTION OF THE INVENTION. 

20 

White the Instant invention fs useful for forming 
thin, defect-free monocrystalline layers of semicon- 
ductor materials in general such as Go, ZnSe and 
InSb, rt Is particularly useful for forming defect-free 

25 monocrystalline layers of silicon on insulated base. 

Although there are many materials that meet 
the requirement of the invention that may be used 
as insulators, it is preferred that the materials em- 
ployed have in addition to meeting these require- 

30 merits linear expansion coefficients compatible with 
that of the semiconductor material. When the ma- 
terial to be recrystallized is silicon it is useful to 
employ soft glasses such as phosphosilicate glass 
and borophosphosilicate glass, NA-40 (an aiumino- 

35 silicate glass produced by the Hoya Company), 
7059 glass produced by the Coming Company and 
spin-on glass. While any of these glasses may be 
employed by themselves as a supporting member 
for a silicon layer the glass also may be employed 

40 as a thin layer applied to a chemically inert sub- 
strate such as for example quartz, silicon or alu- 
minum oxide. 

The layer of the semiconductor material is 
preferably deposited by tow pressure chemical va- 

45 por deposition (LPCVD). However, other suitable 
methods amployed in the ait such as sputtering, 
may also be employed. When silicon is the semi- 
conductor material it is applied generally at a thick- 
ness of less than 10 um. However, a thickness of 

so 2000 A • 10 um Is preferred. 

Other semiconductor materials may be em- 
ployed in similar thicknesses. 

The strips of the semiconductor materia) may 
be formed by any suitable means, for example by 

65 photoetching. The strips of semiconductor material 
used in the invention are about 100 um - 1000 um 
wide and about 800 um - 20 mm long. 

While the method ot the invention may be 
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carried out when the 2one heating source Is fo- 
cussed on strips so as to form a solid-liquid Inter- 
face in the plane of the strips and forming an angle 
of at least 8° with the axis of the strlps > best results 
are achieved when the solid liquid Interface forms 
an angle of 10 * 80°, preferably about 45° with the 
major axis of the strips. 

Optimum results have been found when the 
layered structure is also scanned relative to the 
zone heating source at a rate of about 16 um/sec- 
emm/sec. 

The invention will now be described In greater 
detail with reference to the figures of the drawing 
which are not to scale and following example: 



Example 1 



As shown In Rg. 1 of the drawing, the following 
layers were deposited in sequence on a 4-inch 
diameter silicon wafer 1, a 5.0 um thick layer of 
phosphosilicate glass (PSG) 3. by low temperature 
chemical vapor deposition, a 1 .0 am layer of a low- 
temperature silicon oxide (LTO) 5 and a 1.0 um 
layer of potycrystalDne silicon (polysMcon) 7. 

The potysilicon layer was then provided with a 
positive photoresist layer (not shown) such as Ko- 
dak 1470 by spin coating. The photoresist layer 
was then post baked to remove the solvent The 
photoresist layer was then exposed to ultraviolet 
light through a mask so constructed as to provide 
alternate parallel rectangular exposed and unex- 
posed areas in the photoresist layer, the width of 
the unexposed areas being about 300 urn and that 
the steps of photoresist are then removed with a 
developer such as KT1 312. The wafer was then 
etched in a CF* plasma thus removing pofysilicon 
7 In areas left uncovered by photoresist, while the 
porysIHcon 7 remains in areas covered by the 
photoresist Essentially, rectangular parallel 300 
um wide strips of pory silicon 9 separated from 
each other by 100 um were thus formed on the 
LTO layer 5. 

The remaining photoresist Is removed by ac- 
etone and then a 1.5 um thick capping layer of 
LTO 1 1 was deposited on the polys illcon strips 9. 

The resultant layered assembly 13 a cross- 
sectional view of which is shown in Rg. 2, was then 
heated to about 1000°C-1020°C, to the annealing 
point of the phosphosilicate glass layer 3 by a 
graphite resistance heater, not shown. 

While being heated In this manner the layered 
assembly 13 was moved (scanned) In a linear 
direction at a speed of about 1.00 mm per second 
parallel to the potysilicon strips and past a zone 
heating system providing a spot of an elliptical 
cross-section focussed In such a manner on the 



plane of the potysilicon strips 9 so as to form a 
molten zone 15 about 3 mm long and having an 
elliptical cross-section having a solld-llquld inter- 
face 17 approximating a straight line angled at 

s about 45° relative to the major axis of the pory- 
sIHcon strips 9 as shown In cross-section in Rg. 3. 

White being scanned by the zone heating sys- 
tem in this manner heat conducted from the motten 
zone 15 of a potysilicon strip 9 found a molten 

ro zone In the phosphosilicate glass layer 3 coinciding 
with the molten zone 15 in the pofysilicon strip 9. 

By this means the poly silicon strips 9 were 
converted Into 3 mm long by 300 um wide mon- 
ocrystalllne silicon strips showing no detectable 

75 subboundarfes, twins or threading dislocations. 

A suitable zone heating system is shown sche- 
matically in Fig. 4. 

As shown In Rg. 4 a laser beam 23 having a 
diameter of 6.3 mm from a 50 watt CO2 laser 21 Is 

20 directed by plane mirror 25 into a cylindrical tens 
27, the focal length of which is 121 mm, and 
arranged so that the major axis of the spot Is 
positioned at 45° relative to the polysillcon strips 9 
thereby focussing the beam 23 to an elliptical spot 

25 29 In the plane of the pory silicon strips 9, the major 
axis of which spot, is angled at 45° with the strips 
9. 



00 Claims 

1. A method of forming thin defect-free morv- 
ocrystafllne strips of a semiconductor material on 
an insulator, said method comprising: 

35 a) depositing a thin polycrystaMne or amor* 

phous layer of a semiconductor material on an 
insulating substrate, having a softening point of at 
least 10°C below the melting point of the semicon- 
ductor material and a slope of its viscosity versus 

40 temperature curve of less than zero and greater 
than negative infinity; 

b) removing essntially rectangular parallel- 
positioned strips of widths of at least 1/4 um from 
said layer of semiconducttve material so as to form 

45 essentially parallel rectangular strips of said semi- 
conductor material on the low-softening point in- 
sulating substrate; 

c) heating said strips of semiconductor ma- 
terial by means of a zone healing source the heat 

50 of which is focussed on said strips in a manner so 
as to form a solid-liquid Interface along the plane of 
said strips and forming an angle of at least 8° with 
the axis of said strips while heating said substrate 
at its anneaking point and while scanning the resui- 

65 tant layered structure relative to said zone heating 
source in a direction parallel to the major axis of 
said strips; and 
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d) controlling the scanning speed of said 19. The method of Claim 3 wherein the solid- 

layered structure relative to the zone heating liquid Interface forms an angle of about 45° with 

source so as to cause the solid-liquid interface to the axis of said strips, 

move along the strips In such a manner that the 
surface of the substrate opposing the solid-liquid 5 
Interface Is liquified. 

2. The method of Claim 1 wherein the semi- 
conductor material is amorphous silicon or poly* 
crystalline silicon. 1 ° 

3. The method of Claim 2 wherein the soUd- 
nquid Interface forms an angle of 10-60° with the 
major axis of said strips. 

4. The method of Claim 3 wherein the width of 

the strips of semiconductor material formed on the is 
insulating substrate is about 100 urn - 1000 urn 
wide. 

5. The method of Claim 4 wherein the layered 
structure is scanned relative to the zone heating 
source at a rate of 16 um/sec -6 mm/sec. 20 

6. The method of Claim 5 wherein the low- 
softening point temperature insulating substrate Is 
a glass selected from the group consisting of 
phosphosilicate glass, borostficate glass, al- 
uminosilicate and spin-on-glass. ?s 

7. The method of Claim 4 wherein the low- 
softening point insulating substrate is a thin layer 
supported at its surface opposite to that of the 
silicon layer by a chemically inert substrate. 

8. The method of Claim 7 wherein the chemi- 30 
cally Inert substrate is oxidized silicon or quartz. 

9. The method of Claim 4 wherein both sur- 
faces of the thin silicon layer are provided with a 
low temperature chemical vapor deposited coating 

of silicon dioxide. os 

10. The method of Claim 6 wherein both sur- 
faces of the thin silicon layer are provided with a 
low temperature vapor deposited coating of silicon 
dioxide. 

11. The method of Claim 8 wherein both sur- 4a 
faces of the thin silicon layer are provided with a 

low temperature vapor deposited coating of silicon 
dioxide. 

12. The method of Claim 9 wherein the silicon 
layer Is less than 10 microns thick. 45 

13. The method of Claim 12 wherein the thin 
silicon layer is 2000A - 10 um thick. 

>4. The method of Claim 13 wherein the thin 
silicon layer is chemically vapor deposited. 

15. The method of Claim 10 wherein the thin so 
silicon layer Is less than 10 microns thick. 

16. The method of Claim 10 wherein the thin 
silicon layer Is 2000 A - 16 um thick. 

17. The method of Claim 16 wherein the thin 
silicon layer is chemically vapor deposited. 55 

18. The method of Claim 3 wherein the strips 
are 800 urrv20rnm long. 
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